Haemorrhagic Septicaemia (HS), an acute and fatal disease of cattle and buffalo is primarily caused by serotype B:2 or E:2 of Pasteurella multocida. The transferrin binding protein A (TbpA) has been found to act as immunogen and potent vaccine candidate in various Gram negative bacteria including P. multocida.
INTRODUCTION
2'-dipyridyl in the culture media (30) . Amongst these proteins,
TbpA, a transferrin receptor in bovine strains of P. multocida considered to act as a channel for transport of iron across the outer membrane has been designated as one of the prime immunogens of the organism (19 
MATERIALS AND METHODS

Primers
Different primers used in the study were designed taking into account their reported sequences (accession numbers: 
Amplification of IL2 gene from murine splenocytes
The total RNA from splenocytes cultured in presence of concanavalin A (ConA) (10 µg/ml) (Bangalore Genei, India) was isolated using RNA isolation kit (Qiagen, CA) as per the manufacturer's recommendations. The cDNA was synthesized by reverse transcription (RT) using first strand cDNA synthesis kit (MBI fermentas, USA) and the IL2 gene was PCR amplified using this cDNA as template. 
Construction
Immunization of mice
The plasmid DNA was isolated in bulk to be used for immunization using endotoxin free plasmid purification kit 
Evaluation of immune response
Mice sera collected at different intervals were subjected to enzyme linked immunosorbent assay (ELISA) using sonicated antigen (5 µg/ml) prepared by growing the bacterial cells in brain heart infusion broth medium (Difco, France) supplemented with 50 µM 2, 2'-dipyridyl (Himedia, India).
Rabbit anti-mouse IgG-Horse radish peroxidase (HRPO)/IgG1-HRPO/IgG2a-HRPO (1:5000 dilution) was used as conjugate.
Standardization of optimum concentration of reactants was carried out using checker board method (12) and the reactions were carried out in duplicate. The absorbance was measured at 492 nm using ELISA reader (Multiscan EX, Labsystems). and MluI revealed an insert release of identical size (Fig. 2a) .
PCR targeting IL2 gene using mice cDNA as template amplified a product of ~500 bp and restriction endonuclease analysis of recombinant pIRES-tbpA-IL2 construct with restriction enzymes SalI and NotI resulted in the release of ~500 bp insert, hence confirming the clone (Fig. 2b) . 
In vitro expression analysis
The diffuse cytoplasmic green fluorescence was observed in MDCK cells transfected with recombinant pIRES-tbpA indicating the in vitro expression of tbpA protein (Fig. 3) .
Immune responses
The ELISA titres observed in sera of mice immunized with various DNA vaccine constructs are depicted in Fig. 4 . Fig. 5a and 5b ).
As regards lymphocyte proliferation assay, a significant difference was observed in the stimulation index of vaccinated groups as compared to control groups indicating the enhanced cellular immune response against the recombinant plasmids (Fig. 6 ).
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Challenge study
Protection studies revealed that pIRES-tbpA provided partial protection (50%) in mice against lethal challenge with virulent P. multocida culture (Table 1) . However, incorporation of IL2 gene in vaccine (pIRES-tbpA-IL2) enhanced the protection levels significantly (66.6%) in comparison to monocistronic vaccine.
Additionally, primary immunization with pIRES-tbpA-IL2
followed by a booster dose of OAV afforded almost equal protection to OAV group (75% and 83.3%, respectively). All the animals in non-immunized and vector vaccinated control groups died within 48 hr of challenge infection and causative organism was isolated from all the dead mice.
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Vaccine expressing transferrin binding protein Similar to the enhancement of immune response, the incorporation of IL2 along with tbpA in vaccine construct increased the protection levels also, which was in concordance with earlier reports (11, 39) . Also, primary vaccination with pIRES-tbpA-IL2 followed by a booster dose of OAV produced almost equal protection as that of OAV, further emphasizing the importance of DNA priming and whole cell antigen boost strategies for increasing the protection levels (8) . 
